Background Compared with cohort studies, case-control investigations have tended to report clearer protective associations for the relationship between physical activity and premenopausal breast cancer risk.
Introduction
In a previously published prospective analysis of the Nurses' Health Study cohort, we observed a 23% lower risk in premenopausal breast cancer for high levels of recreational physical activity over a woman's lifetime [1] . Although there is growing evidence for a possible benefit from physical activity for premenopausal breast cancer risk [2] , the strength of the relationship has not been consistent in the epidemiological literature. Some case-control studies have reported even stronger protective associations [3] [4] [5] [6] [7] , whereas most cohort studies have not observed the associations of conclusive benefit [8, 9] . In a recent review, the average reduction in risk of overall breast cancer for the highest verses lowest categories of overall activity was 30% for cohort studies and 20% for case-control studies [2] . We thus investigated possible reasons for these differences. Because most studies have been case-control in design [2, 8] , we assessed whether recall and selection biases [10] could have exaggerated the protective associations reported among case-control investigations. Understanding whether these biases could operate in the study of physical activity and breast cancer could help clarify the nature of this exposure-disease relationship.
Recall bias will arise if cases, because of their disease diagnosis, systematically overreport or underreport their exposure compared with controls. For recall bias to result in exaggerated inverse associations, cases would have had to differentially underreport their activity compared with controls. This ''differential'' recall bias could occur if cases misremembered behaviors consistent with publicized exposure-disease associations or if lifestyle changes affected their memory of past behaviors. For example, some studies show that current diet can influence recall of past diet [11, 12] . Methodological studies have reported biased recall of tanning ability [13] , fat intake [14, 15] , family history of cancer [16] , and induced abortion [17] among cancer patients, but there are no corresponding studies, to our knowledge, examining physical activity.
Selection bias is another potential concern [18] , but has been less studied for cancer outcomes. Controls who participate in a case-control study may be more likely than non-responders to be health conscious [19, 20] and to be physically active. For selection bias to have exaggerated the protective associations in case-control studies of physical activity and breast cancer risk, women who chose to participate as controls would have to be more physically active than the entire group of women who were eligible to be controls.
To investigate whether recall and selection biases could be present in case-control studies, we conducted a casecontrol study nested within the Nurses' Health Study II (NHSII) cohort. We assessed recall bias by comparing the assessments of recreational physical activity before and after breast cancer diagnosis among the same women. We investigated selection bias by comparing reports of responders and non-responders.
Methods
Nurses' health study cohort NHSII is an ongoing cohort study [21] established in 1989 when 116,608 female registered nurses aged 25-42 years completed a self-administered questionnaire about risk factors for chronic disease and medical history. Biennially, these women are sent questionnaires to update this information and to inquire about additional risk factors. This study was approved by the Human Subjects Committee at Brigham and Women's Hospital in Boston, Massachusetts.
Cases and controls
The source population consisted of 85,793 NHSII women who were premenopausal in 1997 (when a detailed assessment of physical activity was sent) with no previous report of cancer except non-melanoma skin cancer (Fig. 1) . Breast cancer cases were initially identified among women who reported this diagnosis after 1997 on the subsequent NHSII questionnaires. Once permission to obtain medical records was granted, study physicians, blinded to the participant's exposure status, reviewed medical records and pathology reports to confirm self-reported diagnoses. Cases were defined as women who were diagnosed with invasive breast cancer from the return of the June 1997 questionnaire to June 2003, were premenopausal at diagnosis date, and had no previous report of cancer except non-melanoma skin cancer (n = 604). Only incident cases were included.
Controls were randomly selected from the NHSII cohort and risk-set matched one-to-one with cases by year of birth. All controls (n = 604) were premenopausal and had not reported a diagnosis of breast cancer or other cancer before or during the two-year questionnaire cycle when their matched cases were diagnosed.
The same cases and controls received the retrospective questionnaire. The retrospective questionnaire was mailed to new cases and matched controls in 2000 and, also, to the subsequently diagnosed cases identified until 2004 and their matched controls. In the analyses, we excluded women who did not report any prospective activity data (100 cases and 97 controls) and those who did not report prospective activity between ages 12 and 22 years (20 cases and 27 controls), which were our main measures of interest in calculating lifetime activity. We also excluded 5 cases and 6 controls with outlying [22] activity data (1% of participants). Among these eligible women, 417 (87%) of 479 eligible cases and 390 (82%) of 474 eligible controls responded to the retrospective questionnaire and were available for this case-control analysis. The distribution of breast cancer risk factors was similar between those considered eligible and the 604 case-control pairs who were originally sampled; furthermore, response rates among eligible women were similar to that of the originally sampled cases (85% response) and controls (82% response). The median interval between date of diagnosis and receipt of the retrospective activity questionnaire among cases was four years; range from one to seven years. The mean age of case and control responders in 1997 was 43 years (range: 33-51 years).
Prospective and retrospective assessments of recreational physical activity Prospective data were collected on the 1989 and 1997 NHSII questionnaires (available online [23] ). Physical activity during adulthood was obtained when participants reported the hours per week (h/wk) they engaged in jogging, running, bicycling (including stationary machine), racquet sports, swimming laps, walking or hiking outdoors, calisthenics/aerobics, and other aerobic activity in the year prior to the 1989 or 1997 questionnaire. In 1997, participants also reported their physical activity during five age periods: grades 7-8 (junior high, ages 12-13), grades 9-12 (high school, ages 14-17), ages 18-22 (college), ages 23-29, and ages 30-34. For each age period, participants indicated the average h/wk they engaged in strenuous activity (e.g., running, aerobics, swimming laps), moderate activity (e.g., hiking, walking for exercise, casual cycling, yard work), walking to and from school/work, and television (TV) watching-our measure of inactivity. These activity data (excluding TV watching) were used in our calculation of total recreational activity over one's lifetime. We used these prospectively collected data as the ''gold standard'' for comparisons.
The reproducibility and validity of these prospective reports were good [24, 25] . Recalled activity for ages 12-22 had high four-year reproducibility in a subgroup of 160 NHSII participants (average correlation r = 0.76 for strenuous, r = 0.70 for strenuous plus moderate, and r = 0.64 for total physical activity) [24] . Also, our measure of physical activity during adulthood performed well when comparing reports from a questionnaire inquiring about activity in the previous year with recalls of past-week activity (r = 0.79) and separately, with four seven-day activity diaries (r = 0.62) among 149 representative NHSII participants [25] . Moreover, self-reported physical activity using a similar questionnaire was well correlated with lowered resting pulse (r = -0.45) in men [26] and maximal oxygen consumption (r = 0.54) in women [27] .
Retrospective data were obtained beginning in 2000 when the selected cases and controls completed questions identical to those in the prospective questionnaires about their physical activity during ages 12-34 years and their past-year activity in 1989 and 1997. The cover letter stated that this study was about ''better understanding the relationship between physical activity and a variety of women's health outcomes, such as breast cancer and other diseases.'' One reminder was sent.
Total recreational physical activity during adulthood and lifetime
We analyzed total recreational activity during adulthood and during a woman's lifetime, because this allowed us to focus our investigation of methodological bias on a few key classifications of activity that other investigations have also reported. We have previously reported on breast cancer risk by different intensities and age-periods of physical activity [1] .
To estimate total recreational activity, we first assigned each activity a metabolic equivalent value (MET) [25] based on the Compendium of Physical Activities [28] . For the five age-specific periods (ages 12-34), we assigned reports of strenuous, moderate, and walking activities MET values of 7.0, 4.5, and 3.0, respectively; the MET values were based on Center for Disease Control (CDC) designations of intensity categories [29] . Total recreational activity, expressed in MET-hours per week (MET-h/wk), was computed by multiplying the h/wk of each reported activity by their respective MET score and summed the values. Total activity during adulthood was computed as a weighted sum of all reported activities (the weight being the MET value) on the 1997 questionnaire and was expressed in MET-h/wk. Because some studies have reported the average of repeated measures of activity, we also estimated the mean h/wk of total recreational activity during adulthood from both 1989 and 1997 assessments.
To obtain mean lifetime activity, we first used linear interpolation to estimate yearly adult activity between the last life period report for ages 30-34 and the past-year assessment in 1997. For example, in the case of a woman who was aged 40 years in 1997, linear interpolation was used to estimate her activity for each age between 34 and 40, assuming that activity changed at a constant rate. We then estimated mean lifetime physical activity by averaging activity from age 12 to the participant's current age. For example, lifetime total activity for a 50-year-old woman was estimated by summing her annual total activity at each age, from 12 to 50, and dividing this value by 39. TV watching, our measure of inactivity, was reported for ages 12-34 years and was analyzed in h/wk.
Statistical analyses
We investigated recall and selection bias in several ways. First, we assessed selection bias by comparing means of prospective activity reports of responders and nonresponders of the retrospective (e.g., case-control) questionnaire. Because activity values were skewed, we used the nonparametric Wilcoxon rank-sum test to determine the statistical significance of this comparison. We evaluated recall bias by comparing means of prospective versus retrospective reporting of physical activity among the same women. A Wilcoxon sign-rank test was used to determine the statistical significance of the prospective versus retrospective reporting. Moreover, a Wilcoxon rank-sum test was used to compare the difference in the prospective minus retrospective reporting of cases versus controls (differential recall bias).
To further examine recall bias, we used unconditional logistic regression models to obtain the prospective and retrospective odds ratios (OR) of breast cancer risk and 95% confidence intervals (CI). Unconditional logistic regression was used to analyze all case and control responders rather than only matched pairs. We categorized physical activity into quintiles according to the prospectively assessed exposure distribution of the control responders.
The odds ratios were adjusted for the following matching and breast cancer risk factors: age (years), whether in a previous blood study (no, yes), childhood body shape at ages 5 and 10 (as assessed by pictograms), duration and recency of oral contraceptive use (never, past \ 4 yrs, past C 4 yrs, current \ 4 yrs, and current C 4 yrs), mother or sister with breast cancer (no, yes), history of benign breast disease (no, yes), cross-classification of parity and age at first birth (afb) (nulliparous; parity 1-2, afb \ 25; parity 1-2, afb 25-29; parity 1-2, afb C 30; parity C 3, afb \ 25; parity C 3, afb 25-29; parity C 3, afb C 30), current alcohol consumption (none, [ 0.0-1.4 g/day, C 1.5-4.9 g/day, C 5.0-9.9 g/day, C 10 g/day), and adult height (inches). To focus our evaluation of recall bias on physical activity, we included only covariates obtained from the prospectively collected NHSII questionnaires. Because controlling individually for body mass index (BMI) and age at menarche did not alter the odds ratios, and since these covariates may be intermediates [30] in the causal pathway between activity and breast cancer, we did not include them in our core models. We performed a test for linear trend by modeling the exposure as a continuous variable (outliers were excluded). Because of previous findings of biased recall of other exposures by methodological studies, we mainly focused our investigation on recall bias. A p \ 0.05 was considered statistically significant. All the analyses were performed with SAS version 9.0 (SAS Institute, Cary, NC). Table 1 describes age-adjusted participants' characteristics according to case and responder status. The study response rate was high, with more cases (87%) responding than controls (82%). In general, both non-responding controls and cases had fewer breast cancer risk factors than their responding counterparts; however, this may have been due to chance because there were few non-responders. As expected, cases were more likely than corresponding controls to have breast cancer risk factors.
Results
We formally examined the selection bias by comparing the prospective physical activity reports of controls who responded with those of non-responding controls (Table 2) . For selection bias to exaggerate protective associations, controls who agreed to participant would have had to be more physically activity than the general pool of controls. For 1989 and 1997 averaged adult activity in controls, lower levels among non-responders (14.2 MET-h/wk) versus responders (17.7 MET-h/wk) produced negative percent a Activity data were square-root transformed to improve normality for statistical tests. For interpretability, activity data are presented as backtransformed (squared) means. Percent differences were calculated using original, unrounded numbers b Numbers of cases and controls who were eligible, responders, and non-responders are provided in the heading of Table 1 c A Wilcoxon rank-sum test was conducted comparing reporting of responders versus non-responders, for cases and controls separately; p is significant at the 0.05 level indicating a statistical difference between reporting of physical activity among responders versus non-responders Cancer Causes Control (2009) 20:549-558 553 differences (-20%), suggesting selection bias for activity during adulthood (p = 0.03). Moreover, non-responders, in addition to being less active, had greater levels of TV watching than responding controls (Table 1) . No significant difference was observed in lifetime physical activity by response status in cases and controls. Physical activity levels among responding versus non-responding cases were not appreciably different. Findings were similar when we further examined selection bias by restricting these analyses to those who completed the retrospective questionnaire before a reminder was sent (i.e., ''first responders''). Next, we examined recall bias by comparing the prospective versus retrospective reports according to case status (Table 3 ). For recall bias to exaggerate protective associations, cases would have had to differentially underreport their activity (retrospective lower than the prospective report), leading to larger negative percent differences compared with controls. Contrary to expectation, cases tended to overreport their activity during adulthood (positive percent differences, column 3) more than controls. This was statistically significant for averaged 1989 and 1997 activity during adulthood (p = 0.003). Meanwhile, for lifetime activity, both cases and controls underreported their activity, with slightly larger negative percent differences among controls (percent difference in column 3: for cases, -7.8%; for controls, -12.9%); however, the difference in reporting between cases and controls was nonsignificant. Further, we did not find evidence for ''differential'' recall bias when examining means stratified by time interval between case diagnosis and retrospective questionnaire administration (B2 years vs. [2 years, data not shown). Table 4 shows the multivariate odds ratios for breast cancer modeling quintiles of reported activity prospectively and, in separate regression models, retrospectively. Since this analysis was among responders we were only able to assess recall bias. We formally tested whether prospective and retrospective estimates were significantly different from each other by first entering the prospectively and retrospectively reported activities together in the same regression model as continuous terms and then evaluating the significance of the difference between their betas. Although most of the retrospective estimates were less strongly inverse than the prospective estimates, formal testing revealed no significant differences between the prospective and retrospective estimates. However, the prospective and retrospective reports of total activity were highly correlated (r [ 0.60) and this may have limited the ability to evaluate whether these estimates were different.
Discussion
To investigate recall and selection bias, we conducted a case-control study nested within the Nurses' Health Study II (NHSII) cohort, comparing reports of recreational physical activity before and after breast cancer diagnosis among the same women (recall bias) and also, activity assessments of responders and non-responders (selection bias). We found [2, 8, 9] ). When we initiated data collection for this nested case-control investigation in 2000, case-control studies reported a stronger protective association for premenopausal breast cancer than cohort studies. While our recent NHSII cohort investigation [1] suggests a protective association, we wanted to examine the issue of methodological bias, because results regarding recreational activity from cohort studies remain inconclusive.
For recreational activity during adulthood, most cohort and case-control investigations have not observed significant associations for breast cancer risk, potentially because women have not engaged in sufficiently high levels of activity. For activity during adolescence or over a lifetime, more case-control [3-7, 46, 49] than cohort [1, 41] investigations have reported statistically significant inverse associations. If the results of our current methodological study are generalizable, recall or selection bias is unlikely to account for the more consistently inverse associations among these case-control investigations.
Measurement error may be one potential reason for the difference between the case-control versus cohort results.
Since, case-control studies have typically used more detailed measures of physical activity than cohort studies, they may have suffered from less measurement error as random error can attenuate associations. In this methodological study, with more detailed data on physical activity, we came close to the observed RRs of other case-control studies. Still, our questionnaire asked about physical activity during certain age periods rather than ranges that were specific to individuals as have been used in some case-control studies of lifetime activity.
In our earlier prospective analysis of the whole NHSII cohort (using the same physical activity questions) [1] , we observed an inverse association between physical activity during women's lifetime (ages 12 to current age) and risk of breast cancer that is compatible with, although slightly weaker than, what we found prospectively in the subgroup included in this case-control analysis. Such results suggest that lifetime activity may be of particular benefit for premenopausal breast cancer risk.
Interestingly, in this methodological investigation, we observed that on the retrospective questionnaire, cases overreported their physical activity as adults compared with controls. Such overreporting of adult physical activity may have occurred if cases, as a consequence of their diagnoses, increased their physical activity, and this lifestyle change systematically influenced reporting of activity in the recent past before diagnosis. While some studies suggest that physical activity declines after diagnosis [59] , a The odds ratios were adjusted for the following matching and breast cancer risk factors: age (years), whether in a previous blood study (no, yes), childhood body shape at ages 5 and 10 (as assessed by pictograms), duration and recency of oral contraceptive use (never, past\4 yrs, past C 4 yrs, current \ 4 yrs, and current C 4 yrs), mother or sister with breast cancer (no, yes), history of benign breast disease (no, yes), cross-classification of parity and age at first birth (afb) (nulliparous; parity 1-2, afb\25; parity 1-2, afb 25-29; parity 1-2, afb C 30; parity C 3, afb \ 25; parity C 3, afb 25-29; parity C 3, afb C 30), current alcohol consumption (none, [ 0.0-1.4 g/day, C 1.5-4.9 g/day, C 5.0-9.9 g/day, C 10 g/day), and adult height (inches) b Quintiles were defined from the prospective reports of controls who responded to the study c Test of trend was calculated using activity modeled continuously; p for trend is statistically significant at the 0.05 level Cancer Causes Control (2009) 20:549-558 555 one investigation [60] , reported that patients were more physically active after diagnosis. Our study has several limitations. Our investigation differed in some ways from a typical population-based casecontrol study. First, our average of four years between diagnosis and retrospective physical activity assessment does not normally reflect what happens in a case-control study in which rapid case ascertainment and interview are conducted. However, we have no reason to think, nor data to indicate, that women recently diagnosed with breast cancer are more likely than women diagnosed with breast cancer more than two years in the past to recall past exposures in a biased way. In post-hoc analyses, we did not find any evidence for greater ''differential'' recall bias when we stratified results by a B 2 or [2 year interval. Second, selection bias caused by choosing inappropriate controls was minimized, and thus, our assessment of this bias may be conservative, because controls were randomly sampled from the underlying enumerated cohort. Additionally, response rates of controls may have been higher than seen in typical case-control studies, potentially because all of our eligible case-control participants had to have responded, at the minimum, to the 1989 (baseline) and 1997 (age-specific physical activity) cohort questionnaires; thus, our findings of selection bias may be conservative. Some case-control studies that have observed apparent protective associations between physical activity and premenopausal breast cancer have reported low response rates (\75%) among controls [44, 55, 61] . With regards to our physical activity measures, our focus was on mostly recreational activities (with questions on yard work and walking to and from work), and we did not report on occupational or indoor household activity. Finally, the time span between retrospective questionnaire assessment and time of interest (e.g., years 1989, 1997, specific age periods) was longer than that for the prospective questionnaire. This would introduce more random measurement error in the retrospective than prospective activity assessment, as reflected by the weaker retrospective versus prospective odds ratios for risk of breast cancer (Table 4) .
This study also has several strengths. We assessed activity before and after breast cancer diagnosis among the same women, using the same questions. Moreover, we focused our evaluation of methodological bias on physical activity and minimized residual confounding by utilizing covariate information from prospectively collected data. While several cancer studies have investigated recall and/ or selection bias for diet [14, 15, [62] [63] [64] [65] [66] and other exposures [13, 16, 17] , this is the first study, to our knowledge, of these biases for physical activity. In terms of generalizability, these results are applicable to Caucasian women. Although participants were registered nurses at the initiation of the NHSII study, previous exposure-disease relations in the NHSII cohort have been confirmed in other study groups suggesting that our findings are generalizable on a population level.
In summary, our findings, if generalizable to other study populations, suggest that recall and selection biases may not explain the stronger protective associations for adolescent/lifetime activity observed in some population-based case-control studies. Our data, however, do add to concerns regarding the possibility of selection bias due to nonparticipation of less physically active controls which could distort associations among case-control studies particularly if participation rates are low. This study also emphasizes the need for detailed exposure assessments to minimize the random error.
